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(54) Producing method of metal band of metal belt for belt-type continuously variable 
transmission and producing apparatus thereof 

(57) A producing method of a metal band of a metal 
belt for a belt-type continuously variable transmission 
includes the following steps of: superposing a predeter- 
mined number of blank rings concentrically on one 
another to constitute a laminated blank rings (R); fitting 
the laminated blank rings (R) to an outer periphery of a 
circle jig (1) made of material having higher thermal 
expansivity than that of the blank ring; heating the lami- 
nated blank rings (R) together with the circle jig (1 ); and 
deforming the laminated k>lank rings (R) plastically by 
thermal expansion of the cirde jig. 

FIG.IA 
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Description 

BACKGROUND OF THE INVENTION 

Held of the invention s 

[0001] The present invention relates to a producing 
method of a metal band of a metal belt wound around V- 
shaped pulleys of a belt-type continuously variable 
transmission and a producing apparatus thereof, more io 
specifically to a producing method and a producing 
apparatus of metal band which Is utilized tor connecting 
a large number of metal k>locks constituting the metal 
belt. 

15 

Description of the Relevant Art 

[0002] A belt-type continuously variable transmission 
using a V-belt and a V-shaped pulley comprising two cir- 
cular conic disks in which a distance between the two 20 
disks is variable is relatively simple in structure, and is 
inexpensive and thus, is widely utilized. 
[0003] As a V-belt used in such a belt-type continu- 
ously variable transmission, a V-belt as described in 
Kikai Kbgaku BInran (Shadan Hojin. Nippon Kikai 25 
Gakkai. new edition issued on April 15, 1987) edition 
B1. Page 180. has been used as a conventional rubber 
belt. On the other hands, a so-called metal belt in which 
a large number of metal blocks are connected through a 
steel belt (metal band) as described In Japanese Patent 30 
Application Laid-open No. 2-225840 has been increas- 
ingly used instead of the conventional rubber belt in 
view of improvement of a tensile strength. 
[0004] In the above stated relevant art, a lamination 
typed metal l>and made of a plurality of metal blanks are 3S 
utilized for constituting a metal belt which connects a 
large number of metal blocks to constitute the metal 
belt. However, the production of the conventional lami- 
nated typed metal band is complex and the cost thereof 
Is increased. 

SUMMARY OF THE INVENTION 

[0005] The present invention has been achieved In 
view of the above problems in the conventional metal 45 
band for the belt-type continuously variable transmis- 
sion and producing method thereof. 
[0006] Therefore, it is an object of the invention to pro- 
vide a producing method and a producing apparatus of 
a metal band of a metal belt for a belt-type continuously so 
variable transmission, in which the production Is facili- 
tated and the cost is reduced. 

[0007] It is another object of the invention to provide a 
producing method and a producing apparatus of a metal 
band of a metal belt for a belt-type continuously variable ss 
transmission, in which a tolerance range of difference in 
size of adjacent blank rings constituting the metal band 
Is large, selection of the blank rings at the time of 



assembling is easy, a large-scale store place is unnec- 
essary, the equipment cost and the number of manage- 
ment steps can be reduced, and a metal belt having a 
high precision can be obtained. 
[0008] To achieve the above object, according to an 
aspect of the present invention, there is provided a pro- 
ducing method of a metal band of a metal belt for a belt- 
type continuously variable transmission, comprising the 
steps of: superposing a predetermined number off blank 
rings concentrically on one another to constitute a lami- 
nated blank rings; fitting the laminated blank rings to an 
outer periphery of a circle jig made of material having 
higher thermal expansivity than that of the blank ring; 
heating the laminated blank rings together with the cir- 
cle jig; and deforming the laminated blank rings plasti- 
cally by thermal expansion of the circle jig. 
[0009] On the other hand, according to another aspect 
of the present invention, there is provided a producing 
apparatus of a metal band of a metal belt for a beK-type 
continuously variable transmission, comprising: a circle 
jig having an outer periphery to be fitted with a lami- 
nated blank rings which are concentrically superposed 
on one another; and a furnace heating the laminated 
blank rings together with the circle jig, wherein the circle 
jig is made of material having higher thermal expansivity 
than that of the laminated blank rings, thereby deform- 
ing the laminated blank rings plastically by thermal 
expansion of the circle jig. 

[0010] According to the producing method and the 
producing apparatus of the metal band of the metal belt 
for the belt-type continuously variable transmission of 
the present invention, since the plastic deformation Is 
applied to the laminated blank rings based on a differ- 
ence in thermal expansivity between the circle jig and 
each of the blank rings, a diameter of the blank ring is 
Increased In a true-circle manner by stress uniformly 
loaded from its Inner peripheral side, and a clearance 
between the adjacent inner and outer rings is reduced. 
With this feature, when the blank rings are superposed 
In fitted to the circle jig, a tolerance range of difference 
between the outer periphery length and the inner 
periphery length of the adjacent Inner and outer rings Is 
largely increased as comparing with a conventional 
range of 1 1 ^m or less (0 to 11 ^m), and even if the 
outer periphery length of the inner ring is slightly longer 
than the inner periphery length of the outer ring for 
example, such a difference can be allowed. 
[0011] Therefore, a range of selection of the blank 
rings is largely widened, and since the stocking term 
after the production of the blank rings is extremely 
shortened, the store place Is unnecessary, or it is possi- 
ble to reduce the store place, and the equipment costs 
and management cost are reduced. Further, the final 
size of the metal belt is determined by the size and the 
processing temperature of the circle jig. the precision of 
the size of the metal belt is enhanced by constantly 
keeping the size and the processing temperature of the 
circle jig. 
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BRIEF DESCRIPTION OF THE ACCOMPANYING 
^ DRAWINGS 

[0012] The above and further objects and novel fea- 
tures of the present invention will more fully appear from s 
the following detailed description when the same is read 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 A is an explanatory view for showing amount- 10 
ing state of a metal belt constituted by a metal band 
according to the present invention, to pulleys in a 
bett-type continuously variable transmission; 
Fig. 1 B is an explanatory sectional view of the metal 
belt showing metal blocks and steel belts of the is 
metal belt shown in Fig. 1 A; 
Fig. 2 is an explanatory view showing a manner 
producing a metal band of the present invention 
./"'\ which is made of laminated metal rings and is to 

constitute a metal belt for the belt-type continuously 20 
variable transmission; 

Rg. 3A is an exploded perspective view showing 
the blank ring set to a circle jig according to one 
embodiment of the producing method of the belt- 
type continuously variable transmission of the 2S 
present invention; 

Fig. 3B is an explanatory vertical sectional view 
showing the laminated blank rings which are set to 
the circle jig; 

Fig. 4 is a graph showing a difference in thermal 30 
expansivity between materials of the circle jig and 
the blank ring shown in Figs. 3A and SB; 
Fig. 5A is a front view showing another example of 
a shape of the circle jig used for tiie producing 
method of the metal belt of the belt-type continu- 35 
ously variable transmission of the present inven- 
tion; 

Fig. 5B is an enlarged sectional view showing a size 
I . J of ttie circle jig shown in Fig. 5A; 

Figs. 6A. 6B and 60 are schematic views of steps 40 
showing producing process of the metal belt of tiie 
belt-type continuously variable transmission by the 
circle jig shown in Figs. 5A and 58; 
Fig. 7 is a schematic plan view showing a producing 
apparatus of the present invention; and 45 
Fig. 8 is a view showing a size of each of the blank 
rings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS so 

[0013] There will be detailed below the preferred 
emtxxfiments of the present invention with reference to 
the accompanying drawings. Like members are desig- 
nated by like reference characters. 55 
[0014] Figs. 1A and 1B show a structure of a metal 
belt 30 constituted by a metal band according to the 
present invention, wound around V-shaped pulleys 32 
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andSS of a belt-type continuously variable transmission. 
The illustrated metal belt 30 has a structure in which a 
large number of metal blocks 31 each having a shape 
as shown in Fig. 1B are sandwiched between endless 
steel belts, in other words, metal bands R and R, and 
the metal belt 30 is wound around tiie driving and fol- 
lowing V-shaped pulleys 32 and 33 as shown in Fig. 1 A. 
[0015] The metal band R comprises from couples to 
around tens of thin steel rings (although four steel rings 
shown in Fig. IB), in other words, blank rings R1 to R9 
or more as shown in Fig. 2. Each blank rings R1 to R9 
has a thickness of about 0.2 mm. when the metal band 
R is produced. As shown in Fig. 2, a necessary number 
of blank rings R1 to Rn whose circumference length 
(diameters) are stepwisely different are selected, and 
they are assembled tsy sequentially fitting one another. 
[0016] At the time of superposing a predetermined 
number of blank rings concentrically on one another to 
constitute a laminated tMank rings, it is necessary to 
select the blank rings R1 to Rn such that a difference 
between an other peripheral length and an inner periph- 
eral lengtii of adjacent inner and outer rings is 1 1 m or 
less. However, it is difficult to control a size of the blank 
ring R within such a high precision range under the cur- 
rent ring producing method and therefore, sizes of the 
produced blank rings R are individually measured, and 
classified into sizes and stocked, and a combination of 
the blank rings R1 to Rn having sizes within the above- 
descrbed precision is selected and assembled. 
[0017] However, in the above-described producing 
method of the metal belt, it is necessary to precisely 
measure the size (circumference lengtii) of the blank 
ring, such a m^suring operation is complex, a variation 
in size of tiie blank is large, custody time of some blanks 
is long because the size thereof can not freely be con- 
trolled, a store place for keeping the measured blank 
rings classified into sizes must be large-scale. 
[001 8] Further, for the invent management of the blank 
rings classified into sizes, a complicated management 
utilizing a computer or the like is required. Therefore, 
the cost of equipment and tiie management cost are 
elevated. It has been required to improve the producing 
method to be facilitated and to reduce the manu^ctur- 
ing costs. 

[0019] In this connection, referring now Figs. 3A to 
Fig. 60. improved producing method and producing 
apparatus of the metal band constituting the metal belt 
according to the present invention will be described 
hereinafter. Figs. 3A and 3B show circle jigs used for a 
producing method of a metal belt of a belt-type corninu- 
ously variable transmission according to the present 
invention, a structure of a jig retainer for collectively set- 
ting the drde jigs and a way of setting. 
[0020] A circle jig 1 shown in the drawings is a disc 
plate having a diameter of 224.855 mm made of auste- 
nitic based stainless steel (JIS SUS304 steel) having a 
large thermal expansivity, and a predetermined number 
of blank rings R1 to Rn are superposed and fitted to tiie 
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outer periphery of the circle jig 1. The circle jig 1 is 
formed at its central portion with a through hole 1a 
through which a jig retainer 2 and a shaft 4 which will be 
described later are inserted. 

[0021 ] The jig retainer 2 mainly comprises a thick disc 
like base block 3. a shaft 4 uprightly provided on a cen- 
tral portion of the base block 3. and a pressure block 5 
provided at its central portion with a through hole 5a for 
the shaft 4. 

[0022] In this jig retainer 2. four sets of blank rings are 
simultaneously set such that the shaft 4 passes through 
four circular jigs 1 with pressure plates 6 interposed 
therebetween and the pressure block 5, and a nut 7 Is 
threaded to the shaft 4 and fastened. The material of the 
jig retainer 2 is not specially limited, but it is preferable 
that the austenitic based steel as the circle jig 1 is used. 
[0023] The way to produce the metal belt of the belt- 
type continuously variable transmission from the prede- 
termined number of blank rings R using the circle jig 1 
and the jig retainer 2 will be explained below. 
[0024] First, nine blank rings R1 to R9 produced using 
maraging steel (18% of Ni steel) as material are 
selected, and concentrically superposed as shown in 
Fig. 3 A and fitted to the uppermost circle jig 1 in such a 
manner that the nine blank rings R1 to R9 become and 
constitute a laminated typed blank rings R1 to R9. 
[0025] Sizes of the blank rings R1 to R9 and differ- 
ences of the outer periphery length and inner periphery 
length of the adjacent inner and outer rings at that time 
are as shown in Fig. 8. When these blank rings R1 to R9 
are selected, blocks which are roughly classified into 
sizes are selected almost carelessly. For example, since 
a blank ring having an inner peripheral length slightly 
shorter than the outer periphery length of the blank ring 
R3 was selected as the blank ring R4. the tilank ring 3 
was fitted to the blank ring R4 in a state where the t)lank 
ring R3 was slightly flexed. Since other rings had rela- 
tively large difference *in inner and outer peripheral 
lengths (clearances), they could be superposed on one 
another easily. 

[0026] In the above case, after the peripheral lengths 
of the blank rings are measured, and classified into a 
smaller nurrtf^er of classes than the conventional 
method, and kept. However, if the deviations of the 
peripheral lengths of the rings are within a relatively 
small range, it is possible to eliminate the classification, 
and to collectively keep all of the blank rings. 
[0027] As shown in Fig. 3A. other three sets of blank 
ring R are set to the jig retainer 2 and fixed by the nut 7 
and are entered into the thermal treatment furnace and 
heated at 480«C for 6 hours, and the blank rings R are 
subjected to the aging treatment to apply the plastic 
deformation to the blank rings R by the thermal expan- 
sion of the circle jig 1 . As a treatment condition at that 
time. 480±10*Cx3 to 9 hours can be employed. 
[0028] Fig. 4 is a graph of thermal expansion of the 
austenitic based steel (SUS304 steel of the Japanese 
Industrial Standard) which is the material of the circle jig 



1 and thie maraging steel (18% of Ni steel) which is the 
material of the blank ring R, and it can be found in this 
graph that a difference between both the expansivities 
becomes a working force applied to the blank ring R. As 
5 the results, the laminated blank rings R1 to Rn become 
a metal band R according to the present invention. 
[0029] After the temperature of the blank ring R and 
the jig retainer 2 is lowered to a room temperature, the 
blank ring R is pulled out from the themial treatment fur- 
10 nace together with the jig retainer 2, the jig retainer 2 is 
disassembled to take out the plastically deformed blank 
ring R. thereby obtaining the metal belt of the belt-type 
continuously variable transmission. At that time, since 
the diameter of the blank ring R is increased by the plas- 
15 tic deformation and the diameter of the circle jig 1 is 
returned to the original size because the temperature of 
the circle jig 1 is lowered to the room temperature, the 
blank ring R can easily be detached from the circle jig 1 . f 
[0030] Sizes jnd differences, of jnner and outer! 
20 periphery lengths^flFje^TarSTrin^ R1 to R9 set to the \ 
uppermost circle jig 1 are as shown in Table 1 . jtj Aas | 
fo und that c learances between the inner and outer rings i 
lexure which were relatively large were cojrected J 
within9_|im or less by the plastic deformation due to the 
25 thermal expansion of the circle jig 1, and it was con- 
firmed that the metal belt of the belt-type continuously 
variable transmission having a quality equal to or 
greater than that of the conventional metal belt 
[0031] Figs. 5A and 5B show another example^a— 
30 shape of the circle jig used for the producing method of 
the metal belt of the belt-type continuously variable 
transmission of the present invention. 
[0032] A circle jig 1 1 shown in Figs. 5A and 5B is a jig 
for a continuous furnace, whereas the circle jig 1 shown 
35 In Fig. 3A is a jig for a batch furnace in which a large 
number of blank rings are set at a time and heated. That 
is, a set of blank ring Rare sequentially set to the circle 
jig 11 , and the blank rings R can be continuously heated 
while the blank rings R pass through the furnace 
40 together with the jig 1 1 . With this feature, a continuously 
automatic operation can be employed. 
[0033] The circle jig 11 conrprises an austenitic based 
precipitation strengthened type super heat resistance 
alloy steel (26Ni-1 5Cr-2Ti-1 .3Mo) con-esponding to 
45 ASTM A286 steel, and is formed into a disk-like plate 
having a height H of 29 mm and is provided at Its lower 
end in the drawing with a flange 11b having a diameter 
of 240 mm. As shown in an enlarged manner in Fig. SB. 
a jig body 11a is formed at its outer peripheral surface 
so with a crown portion 11c having a curvature radius R of 
120 mm. The jig body 11a is also formed at its central 
portion with a threaded hole lid into which an eye bolt is 
threaded for hanging the jig 11. A diameter of the jig 
body 11a Is 225.31 mm at a vertex of the crown 11c in 
55 accordance with a size of the metal belt of the belt-type 
continuously variable transmission in this embodiment. 
[0034] As shown in Fig. 58. vertical widths of the 
crown 11c of the jig body 11a are formed such that a 



4 



7 ^ EP0 922 884 A2 



8 



width W1 from the center of the plate thickness, i.e.. 
from the vertex of the crown to the lowermost portion is 
6.1 mm, and a width W2 from the vertex of the crown to 
the uppermost portion is 8.0. and a total width is 14.1 
mm. Further, a portion of the jig body 1 1 a that is above 5 
the crown 1 1c is formed into a tapered portion 1 1 e of 6 
= 20** such that the superposed blank rings R can easily 
be mounted to the jig body 11a. 
[0035] It is preferable that the curvature radium R of 
the crown is in a range of 60 to 200 mm, an angle of the 10 
tapered portion 11 e is in a range of 5 to 45'' . the width 
Wl of the crown 1 lc is one-half of a width of the metal 
belt of the continuously variable transnriission, and the 
width W2 is 1 to 5 mm greater than one-half of the width 
of the metal belt of the continuously variable transmis- is 
sion. 

[0036] Before the circle jig 1 1 is used, it is subjected 
to the aging treatment at TSO^'C for 16 hours in a vac- 
uum furnace so the circle jig 11 can withstand the 
above-described aging treatment of the blank ring R, so 
i.e.. heating treatment of 480''C x6 hours. 
[0037] Referring now to Figs. 6A. 6B. 6C and 7. 
another embodiment of a producing apparatus accord- 
ing to the present invention will be described hereinbe- 
low. As shown in Figs. 6A 6B, 6C and 7, while such a 25 
circle jig 1 1 is transferred by a belt conveyer 53. the 
blank rings R (R1 to R9) superposed are mounted to the 
jig body 11a of the circle jig 11 by a robot 57. At that 
time, since the upper end of the jig body 1 la is formed 
with the tapered portion 1 1 e, the blank rings R can eas- 30 
ily be mounted automatically. 

[0038] The laminated blank rings R mounted to the jig 
body 1 1 a of the circle jig 1 1 are transfen-ed into the con- 
tinuous furnace 51. and while the blank rings R pass 
therethrough, they are heated at 480''C and subjected 3s 
to the aging treatment, and the blank rings R are plasti- 
cally deformed by the thermal expansion of the circle jig 
11 as shown in Fig. 6B. and their diameters are 
increased and crowns each having a shape corre- 
sponding to the crown 11c of the circle jig 11 are 40 
formed. 

[0039] After 6 hours during the circle jig 1 1 and the 
laminated blank rings R are heated in the continuous 
furnace 51 in such a manner that they are continuously 
passed through the furnace continuous 51. the lami- 4$ 
nated blank rings R become a metal band R and are 
unloaded from the continuous furnace 51 by an unload- 
ing conveyer 55 and cooled. The diameter of the blank 
ring R is increased and the circle jig 1 1 is shrunk so that 
the metal band R is separated from the jig body 1 1 a by so 
a robot 59. then the blank rings R are located on a stock 
table 63. More specifically, the metal band R is moved 
out from the circle jig 1 1 by the robot 59 having a hook 
H provided at its inner side with a claw, and the metal 
belt of the belt-type continuously variable transmission ss 
is otTtained. 

[0040] To the circle jig 1 1 from which the metal band 
R is removed, next blank rings R is mounted, and they. 



circulate through the furnace in the same manner. 
Therefore, metal belts having the same shape and size 
are continuously produced at a high productivity. 
[0041 ] The above producing apparatus can be modi- 
fied such that the loaded circle jig 1 1 and the laminated 
blank rings R are heated in another furnace in such a 
manner that they are stopped arKi located in the furnace 
during 6 hours. Then after, the loaded the circle jig 1 1 
arxl a metal band made of (become from) the laminated 
blank rings R are unloaded from the furnace by the 
same loading conveyer 53 which loaded the circle jig 1 1 
and the former laminated blank rings R by reversed driv- 
ing manner. 

[0042] As specifically described above, according to a 
first aspect of the present invention, there is provided a 
producing method of a metal band of a metal belt for a 
belt-type continuously variable transmission, compris- 
ing the steps of: superposing a predetermined number 
of blank rings concentrically on one another to consti- 
tute a laminated blank rings: fitting the laminated blank 
rings to an outer periphery of a circle jig made of mate- 
rial having higher thermal expansivity than that of the 
blank ring; heating the laminated blank rings together 
with the circle jig; and deforming the laminated blank 
rings plastically by thermal expansion of the circle jig. 
[0043] According to the producing method of the metal 
band of the metal belt for the belt-type continuously var- 
iable transmission of the first aspect of the present 
invention, since the plastic deformation is applied to the 
laminated blank rings based on a difference in thermal 
expansivity between the circle jig and each of the blank 
rings, a diameter of the blank ring is increased in a true- 
circle manner by stress uniformly loaded from its inner 
peripheral side, and a clearance between the adjacent 
inner and outer rings is reduced. With this feature, when 
the blank rings are superposed in fitted to the circle jig. 
a tolerance range of difference between the outer 
periphery length and the inner periphery length of the 
adjacent inner and outer rings is largely increased as 
comparing with a conventional range of 1 1 ^m or less (0 
to 1 1 ^m). and even If the outer periphery length of the 
inner ring is slightly longer than the inner periphery 
length of the outer ring for example, such a difference 
can be allowed. 

[0044] Therefore, a range of selection of the blank 
rings is largely widened,, and since the stocking term 
after the production of the blank rings is extremely 
shortened, the store place is unnecessary, or it is possi- 
ble to reduce the store place, and the equipment costs 
and management cost are reduced. Further, the final 
size of the metal beK is determined by the size and the 
processing temperature of the circle jig, the precision of 
the size of the metal belt is enhanced by constantly 
keeping the size and the processing tenrperature of the 
circle jig. 

[0045] According to a second aspect of the present 
invention, as it depends from the first aspect, the mate- 
rial of the circle jig is austenitic steel. 
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[0046] According to the producing method of the sec- 
ond aspect, since the materia) of the circle jig is auste- 
nitic steel such as austenitic based stainless steel or Ni- 
Or based heat-resistance alby steel, for example, the 
thermal expansivity is large and the plastic deformation 5 
applied to the blank ring is large. 
[0047] According to a third aspect of the present 
invention, as it depends from the first second aspect, 
the material of the blank ring is maraging steel; and the 
blank ring fitted to the circle jig made of austenitic based 10 
stainless steel is heated to aging treatment tempera- 
ture. 

[0048] According to the producing method of the third 
aspect, the material of the t>lank ring is maraging steel, 
and the heating temperature coincides with the aging is 
tieatment temperature of the maraging steel. Therefore, 
a metal belt having a high strength can be obtained 
Without increasing the processing steps or increasing 
the thermal treatment furnace. 

[0049] According to a fourth aspect of the present 20 
invention, as it depends from one aspect among the first 
aspect to the third aspect, an outer peripheral surtece of 
the circle jig against which the blank ring abuts is 
formed with a crown. 

[0050] According to the producing method of the 25 
fourth aspect, since the outer peripheral surface of the 
circle jig is formed with the crown or with a convex, the 
blank ring is plastically deformed into a shape along the 
crown of the circle jig and thus, the crown is also formed 
easily on the metal band simultaneously. 30 
[0051 ] According to a fifth aspect of the present inven- 
tion, as it depends from one aspect among the first 
aspect to the fourth aspect, a plurality of sets of the lam- 
inated blank rings are set to a jig retainer having a plu- 
rality of the circle jigs; and the plurality of sets of the 35 
laminated blank rings and the plurality of the circle jigs 
are heated. 

[0052] According to the producing method of the fifth 
aspect, the plurality of sets of blank rings are respec- 
tively fitted to the retainer having the plurality of circle jig 40 
and are heated, the number of processing steps per one 
heat is increased so that the producing efficiency of the 
metal belts is enhanced. 

[0053] According to a sixth aspect of the present 
invention, as it depends from one aspect among the first 45 
aspect to the fourth aspect, a plurality of the circle jigs to 
which the laminated blank rings are set are heated in a 
furnace in such a manner that the plurality of the circle 
jigs to which the laminated blank rings are continuously 
passed through the furnace. so 
[0054] According to the producing method of the sixth 
aspect, the circle jig to which the blank ring is set is con- 
tinuously passed through the furnace, thereby heating 
the blank ring the therefore, the producing efficiency of 
the metal band for a metal belt is further enhanced. ss 
[0055] According to a seventh aspect of the present 
invention, there is provided a producing apparatus of a 
metal band of a metal belt for a belt-type continuously 



variable transmission, comprising: a circle jig having an 
outer periphery to be fitted with a laminated blank rings 
which are concentrically superposed on one another; 
and a furnace heating tiie laminated blank rings 
togetiier with the circle jig, wherein the circle jig is made 
of material having higher thermal expansivity than that 
of the laminated blank rings, thereby deforming the lam- 
inated blank rings plastically by thermal expansion of 
tiie circle jig. 

[0056] According to an eighth aspect of tiie present 
invention, as it depends from the seventh aspect, the 
material of the circle jig is austenitic steel. 
[0057] According to a nintii aspect of the present 
invention, as it depends from the eightii aspect, the 
material of the blank ring is maraging steel; and the 
blank ring fitted to the circle jig made of austenitic based 
stainless steel is heated to aging freatment tempera- 
ture. 

[0058] According to a tentii aspect of the present 
invention, as it depends from the eighth or the ninth 
aspect, an outer peripheral surface of the circle jig 
against which tiie blank ring abuts is formed with a 
crown. 

[0059] According to an eleventh aspect of the present 
invention, as it depends from one aspect among the 
seventh aspect to the tenth aspect, a plurality of sets of 
the laminated blank rings are set to a jig retainer having 
a plurality of the circle jigs; and the plurality of sets of the 
laminated blank rings and the plurality of the circle jigs 
are heated. 

[0060] According to a twelftii aspect of the present 
invention, as it depends from one a^ect among tiie 
seventii aspect to the tenth aspect, the producing appa- 
ratus of a metal beft for a belt-type continuously variable 
transmission, further comprising: a conveyer loading 
the circle jig together with the laminated blank rings into 
tiie furnace: and another conveyer unloading the circle 
jig togetiier with the laminated blank rings from the fur- 
nace, wherein a plurality of the circle jigs to which tiie 
laminated blank rings are set are heated in a furnace in 
such a manner that tiie plurality of tiie circle jigs to 
which the laminated tAank rings are continuously 
passed through the furnace, thereby the laminated 
blank rings are plastically by thermal expansion of the 
circle jig and become a metal band which is utilized for 
connecting a large number of metal blocks constituting 
the metal belt. 

[0061] According to the above seventh to the above 
twelfth aspect of the present invention, the producing 
apparatus of a metal band of a metal belt for a belt-type 
continuously variable transmission results the same 
improvements as the producing method thereof. 
[0062] While prefen'ed embodiments of the present 
invention have been described using specific terms, 
such description is for illustrative purposes, and it is to 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 
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Claims 

1. A producing method of a metal band of a metal belt 
for a belt-type continuously variable transmission, 
comprising the steps of: 

superposing a predetermined number of blank 
rings concentrically on one another to consti- 
tute a laminated blank rings; 
fitting the laminated blank rings to an outer 
periphery of a circle jig made of material having 
higher thermal expansivity than that of the 
blank ring; 

heating the laminated blank rings together with 

the circle jig; and 

deforming the laminated blank rings plastically 
by thermal expansion of the circle jig. 

2. The producing method of a metal band of a metai 
belt according to claim 1. wherein 

the material of the circle jig is austenitic steel. 

3. The producing method of a metal band of a metal 
belt according to daim 2. wherein 

the material of the tkSLVk ring is maraging steel; 
and 

the blank ring fitted to the circle jig made of 
austenitic based stainless steel is heated to 
aging treatment temperature. 

4. The producing method of a metal band of a metal 
belt according to claim 3, wherein 

an outer peripheral surface of the circle jig 
against which the blank ring abuts is formed 
with a crown. 

5. The producing method of a metal t>and of a metal 
belt according to claim 4. wherein 

a plurality of sets of the laminated blank rings 
are set to a jig retainer having a plurality of the 
circle jigs; and 

the plurality of sets of the laminated blank rings 
and the plurality of the circle jigs are heated. 

6. The producing method of a metal band of a metal 
belt according to claim 5. wherein 

a plurality of the circle jigs to which the lami- 
nated blank rings are set are heated in a fur- 
nace in such a manner that the plurality of the 
circle jigs to which the laminated blank rings 
are continuously passed through the furnace. 

7. A producing apparatus of a metal band of a metal 



belt for a belt-type continuously variable transmis- 
sion, comprising: 

a circle jig having an outer periphery to be fitted 
5 with a laminated blank rings which are concen- 

trically superposed on one another; and 
a furnace heating the laminated blank rings 
together with the circle jig. wherein 
the circle jig is made of material having higher 
10 thermal expansivity than that of the laminated 

blank rings, thereby deforming the laminated 
blank rings plastically by thermal expansion of 
the circle jig. 

IS 8. The producing apparatus of a metal band of a metal 
k^lt according to claim 7, wherein 

the material of the circle jig is austenitic steel. 

20 9. The producing apparatus of a metal k>and of a metal 
t>6lt according to claim 8. wherein 



the material of the blank ring is maraging steel; 
and 

the blank ring fitted to the circle jig made of 
austenitic based stainless steel is heated to 
aging treatment tenperature. 

1 0. The producing apparatus of a metal band of a metal 
belt according to claim 9, wherein 

an outer peripheral surface of the circle jig 
against which the blank ring abuts is formed 
with a crown. 

1 1 . The producing apparatus of a metal band of a metal 
belt according to claim 10, wherein 

a plurality of sets of the laminated blank rings 
are set to a jig retainer having a plurality of the 
circle jigs; and 

the plurality of sets of the laminated blank rings 
and the plurality of the circle jigs are heated. 

1 2. The producing apparatus of a metal band of a metal 
t>elt according to claim 1 1 , further comprising: 

a conveyer loading the circle jig together with 
the laminated blank rings into the furnace; and 
another conveyer unloading the circle jig 
together with the laminated blank rings from 
the furnace, wherein 

a plurality of the circle jigs to which the lami- 
nated blank rings are set are heated in a fur- 
nace in such a manner that the plurality of the 
circle jigs to which the laminated blank rings 
are continuously passed through the furnace, 
thereby the laminated blank rings are plasti- 
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cally by thermal expansion of the circle jig and 
become a metal band which is utilized for con- 
necting a large number of metal blocks consti- 
tuting the metal belt. 
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FIG.8 
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